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| ntroduction

e X(3872):first new charmonium-like stateiscoverecdat the
B-factoriesby Bellein B—>XK, X—Jhyr*n

o Confirmationfrom: CDF, DO, &BaABAR

e S0 far the X is the only new charmonium-likestate
observe with more thar one decar mode X—Jnyy,
X—y(2S)y, andX—DD% andJiyn*n (assuming different
X, Y, Z states)

e The decay modest{—Jhyy, X—y(2S)y = C=+1
* No charged partner for the »® 1=0

o J for the X was studied by Belle & CDF using—Jhyn*r;
CDF showed thatouldn’t distinguishbetweenl® and2
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Introduction (cont.)

* In hep-ex/0505037, Belle reported ancessof events Iin
m,. above 750 MeV/¢ in the decay B-Jhy3nK for
[my,5,-3872|<16.5 MeV/eand interpreted a8 —Jiyo

'°| Ngg=12.4+4.1 J
= in 0.750<m, <0.775 GeV/c? ’
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e In BABAR, we search for the decay mode—Jiyw In the
@ decay8— oK, o—rtr
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BABAR Previous Analysis
/\. | ,PRL .10.1’ 9820Q1 .(2(,)08) IIIIII
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With 0.7695< m;,<0.7965 (B") as obtained from optimization

No evidencdor X with this definition of theo signal region, although MC
simulation with S-wavdiym system indicated that we could have seen it
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The method

* We use thesame selection criteriased in theprevious
BABAR analysis ©RL 101, 082001), exceptthat on the
lower-massimit of thew signal region

e Fit m.c In intervals of variable of interest textractthe
B-relatecsigna (aftel AE requirement

e The data (signal yields) amrrectedor efficiencyand
KO branching fractionso perform asimultaneoudit to
the B* and P distributions* of my,

* The use of charge conjugate reactions is implied throughout
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m,_ Distributions
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Clear 1) and w signals!; Negligible background

Modify the lower-mass limit of thew region to be).740 GeV/c?
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Different Ranges of m,_

Criterion (GeV/c?)
0.7695<m, <0.7965 (B")

0.7605<m,,<0.8055 (B°)

0.7400<m,,;<0.7965 (B*)

Si—

Si—

0.7400<m,,<0.8055 (B%)_
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Fitting megwith new m,_ window

£ P I I I I I I I I I I I 1 1 1 I 1 1 I
§ B'— Jiyn't "K' § B"— Iyn'nn"K? b
%} — lyn a) ﬁ 100 — llynn g ) —
~ N,, = 1158.6 +56.8 - 55.7 ~ N, =206.1 +26.6 - 25.6
@ Ny, = 6559.1+92.3-92.3 % @ Ny, = 1226.0 +40.9 - 40.9
g 400F Cap=7381+ 18-18 - 5 Crpe =389+ 4.2 42
E 1L = 527892 + 0.00013 - 0.00013 E | 1= 5.27949 + 0.00040 - 0.00040
@ = 0.00282 + 0.00014 - 0.00014 . @ = 0.00335 + 0.00040 - 0.00040
IAE|<15 M eV s IAEI<20Mev il
 BABAR BABAR
Il)rehmmlarv I I I Prleliminarrv |
522 524 526 528 53 522 5.2 526 528 53
2 2
mgg (GeV/c?) mgg (GeV/cT)

Clear mgg signals in both B™ and B® with ~1160 and ~210
signal events, respectively
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m,,, Dependence of:

o Efficiency.
> For B (B), the efficiency increases (decreases)

gradually from 6% (5%) close to,;m, threshold to 7%
(4%) at my;,, ~4.8 GeV/e

e Mass resolution

> The resolution changes gradually from 6.5 Me&\akc
3.84 GeV/é, to 9 MeV/& at 4.8 GeV/e
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Mes Fitsinmy, , Intervals
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de | ypw

de | yw

de | ypw

dN®
de |y

Where

B* and B° simultaneous Fit

— il Gauss+n BW(Y) +n BKG
=n GaU$+n BW(Y) +n BKG

il Gauss+n BW(Y)+n BKG _

= Ryn’ Gauss + R,n, BW(Y) + R, ,n;,.BKG

Gauss Gaussiarfunction for theX(3872)

BW(Y): Breit-Wigner function for the Y (39403 phase space

BKG: phase-space Gaussian functiom my,

There are 11 parameters in the fits:
r]x’ nY’ nbkg’ Rx’ RY’ Rbkg’ r’nx’ mY’ FY’ l*lbkg’ Gbkg
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Fitting the efficiency CORRECTED Data -

Also corrected for
K° and K%—nr"
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Fit Results

Fit Parameter

BABAR

Preliminary

Value

my, (GeV/c?)

my (GeV/c?)

I'y (MeV)

Gaussian [ (GeV/c?)
Gaussian 0 (GeV/c?)

3873.0, ("¥(stat) T 1.3(syst)
3919.1 ;5 ,7%(stat)22.0(syst)
31 ¢"1(stat) T 5(syst)
4435 , F35(stat)

356 547 (stat)

N (N%) 2117 (6X3(stat))

N, (NY%) 108_,,7*>(stat) (19£8(stat))

N e (N%ke) 992146(stat) (155X 18(stat))
Ry =N° /N*_ 1.0, . "%(stat)-0.2+0.1(syst)
R =N /N2 0.7 55 "#(stat) £0.1(syst)

Ry =N/ N

0.710.1(stat) 0.1 (syst)
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Uncorrected data in the X(3872) region
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3.50 signal size
(4.00 significance)
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: m,_for the X(3872) A

2 H B Satek* || BABAR™ | :
3 10f o } Preliminary. 3| Events in X-sig. reg.
% s * { + 4 3.8625<ny,,<3.8825
LR } E GeV/c

0 -
2 L H B ahok®, 1 Each point is the signal
= | 1 yield of an mfit in
%‘ o } 3 mg, interval of 7.4
a i MeV/c?

-
—_—
e ]
]
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]

S-wave?/NDF=10.17/5

rj% 155 Comb”’]ed """ MC S-wave _E P(’XZ/NDF):7%
= 5
=3 1| P-wavey?INDF=3.53/5
R 1| Pe2INDF)=62%
O - - &
0.74 0.76 0.78

GeV/c? . .
Tan (GEV/E) = Negative Parity favored

How dowe justify calling such a distributiom signaf?
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Daltiz-Plot welghting technique

52 522 524 526 528 53

Mg (GercZ)
a Arafat G. Mokhtar (SLAC)

BABAR
Preliminary
Each event is given 3n in thew region 3n in then region
weightof (5/2)(1- CO O o T :
: 5 28+6 evts s | 152+20 evts
3cos96,), whereb, is the Z [ - 12 b o
N 2z | Non-weighted g |9 Polver
anglebetween the o o
andn® in then*n rest i 1%
)
% 27"'10 evts é)
g0 1%
Non-w events projected 2 | | | Wi\ 12
away T s
-10F . _50'_ | } ]
 b) weighted ] d) weighted
-20F :
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B—XK, X—D0 [0

e Both BaBar andBelle reported a
shift in X(3872) mass in the
decay mode XDD*0(~3875 i°®
MeV/c?) (No shift in mass in the
most recent analysis from Belle)

| From BABAR and CDF: Am=35+ 0.8 MeV/c? |

BABAR PRD 77,
011102(2008)

[ R e B N R v v ]
[T T T T T[T TT [T

Lo 'i"'l.l'-."-.-+-...'. T J. N
388 39 392 394 396 398 4
=*{
D DY Invariant Mass (GeV/c?)

« The shift in D massmay be = =

due to one unit of orbital  «f -
angularmomentum, as for the e e 3
§mE P-wave
* An explanation of the shift for  §=f LY
X(3872)— D°D can be found  zf
iN PRL 100, 062006 (2008) [ 2000 FOTRT: |
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Systematic Uncertainties

e EmbeddingX(3872) signal in background Toys
e Tracking PID, Neutral EfficienciesandB-Counting

e SecondarBranching Fractions

o Uncertainties in then. Shapegyarameter values

e Fitting the Uncorrected Data

e P-waveBW Vs. S-waveBW for the Y(3940)
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Branching Fractions

BABAR . .
Prcliminary Process Branching Fraction (BF)

B*—>XK*, X—=Jiyo [0.6£0.2(statx0.1(syst)k10>
BO—XK?O? X—Jiyow [0.6+0.3(statx0.1(syst)k10>
B*—>YK*, Y—=Jho [3.0467(stat), 50(syst)x10°
BO—YK? Y—-Jho [2.1+£0.9(stat}t0.3(syst)k10°
B*—JnyoK* 3.2+0.1(stat) 5 5+2-¢(sys)] <104
BO— JAyoK?° 2.3+0.3(stat0.3(syst)k104

BR= U249 — 07+ 03(B")

BF (X — J /)

BR= X209 -9 7+ 1 3(B°)

BF (X - J /)

BABAR average: 0.8 £0.3 ‘ Bele10+04+073 ‘
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Summary

* We haveupdated our parameter values for th€3940)

e We report evidence for the decay mode
X(3872)—Jlww (~3.5 signal size; 4.6 significance)

e The P-wave hypothesi for the X(3872) deca
describes the dataetterthan the S-wave

o = X(3872) is morelikely to haveJ =2 than ¥=1*
state =» consistent with charmoniummn.(1D)
Interpretation
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S ection Criteria

Selection Category

J/P— U mass (GeV/c?)
J/P—>ee mass (GeV/c?)
T° mass (GeV/c?)

AE (GeV)
B-helicity angle
Photon helicity angle By

P (2S) veto (GeV/c?)

mg (GeV/c?)

Criterion

3.06<m,<3.14
2.95<m_<3.14
0.115<m,,<0.150
| AE|<0.015 (B™); | AE|<0.020 (B")
| cosB,|<0.9
cos0y<0.95

3.661<m <3.711

J/PTm
5.274 — 5.284 (signal box), >5.2 for fits
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Fitting the UNCORRECT

ED Data

NU [— ]
= ¥ BABAR -
= [ Preliminary ]
= 20_ .
Z T i
= F i i
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z T -
1 — -
E 10_— —

: bbb :
B b & T _
ol e S o W s
4 4.2 4.4 4.6 4.8
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Parameter values (other than normalizations) are consistent with fits

to corrected data
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Comparison: Old and New Analysis
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Bias in thefitting procedure’P

Z |

Sl

At L1345+ 08213
41 09657 + 0.02452]

400

50 T

200~

No bias is obtained 7

BABAR

Preliminary

« Toy MC -
— Fit result
....... N?‘i —Nx B

Fit. Gen.

-1.779 + 0.6387
0.9854 = 0.0080127]

N B
200
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Events around the X(3872)

NQ ]
%“ 28+6 evts -
S10F -
o [ B*—JhjoK* ]
‘E [ BABAR i
g 5 Preliminary ]
A } i
* H * LH 4 4 Events in
92 522 524 526 5.3
2ar i3 orte 3| 3.8625<m,,,<3.8825
2. E GeV/c
an E BO_>J/\|/(DKOS g
g s BABAR —
[—E E Preliminary a E
1 N =
i \ .
.................. 11 \wu L
02 522 524 526 528 523
e Mz (GeV/c?)
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Results-l: Fit Parameters

BABAR

Preliminary

my (GeV/c?)
my (GeV/c?)

Fit Parameter

Value

3830 | Gst)
3919.1 4 ,7%(stat)22.0(syst)

Iy (MeV) 31 ¢"'9(stat) T 5(syst)
Gaussian [ (GeV/c?) 4435 5,73 (stat)

Gaussian 0 (MeV) 356 i

N*y (N%) 2117 (6X3(stat))

Nt (N 108 ,,"*>(stat) (19£8(stat))
Neke (N%ke) 992 *46(stat) (1551 18(stat))
Ry (B’/BY) 1.0, "*3(stat) o, " (syst)
R, (B"/B™) 07, (0D F0 (s 0
Ry (B/B™) 0.720.1(stat) £0.1(syst)
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